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INTRODUCTION
In the recent years, advances in lung cancer are occurring at an accelerated rate and major discoveries have been made in the regulation of growth, differentiation, apoptosis and metastasis of lung cancer. [1, 2] These findings have dramatically influenced the treatment protocols with molecular testing for targeted therapy being considered as the standard of care. [3] C-ros oncogene 1, receptor tyrosine kinase (ROS 1) re-arrangements were identified by Rikova et al. in the year 2007. [4] ROS 1 fusions are potent oncogenic drivers and promote signal transduction programs leading to uninhibited cell survival and proliferation. [4] [5] [6] [7] The current national comprehensive cancer network guidelines recommend the use of Crizotinib for cases that harbor ROS 1 re-arrangements. [8] Mesenchymal epithelial transition factor (MET) receptor tyrosine kinase and its ligand are involved in epithelial mesenchymal transition and tissue regeneration. The MET amplification and over-expression is oncogenic in 3-7% cases. [9, 10] MET targeting inhibitors like Onartuzumab and Tivantinib have shown promising results in clinical trials leading to improved overall survival. [9] In view of the clinical requirement the need for evaluation of frequency of mutations in the Indian population, the current study was undertaken with the objectives to detect the frequency of ROS-1 and c-MET protein over-expression in the Indian population and to co-relate with the This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com clinic-pathological parameters. Further the histomorphology of cases that harbor the characteristic mutations (c-MET and ROS-1) was analyzed and compared with mutation negative cases.
MATERIALS AND METHODS
This was a tertiary care hospital based case series that included 90 cases of nonsmall-cell lung cancer (NSCLC) conducted over a period of 1 year (2017-2018). A detailed clinical and radiological assessment was done. Biopsies from both primary and metastatic sites of NSCLC adenocarcinoma, adenosquamous carcinoma, or unspecified carcinoma excluding the squamous cell carcinoma subtype were included in the study. The cases were classified on the basis of histopathology as per the recommendations of the 2015 World Health Organization (WHO) classification criteria for lung tumors. A basic panel of Immunohistochemistry (IHC) that included napsin, thyroid transcription factor-1 (TTF-1), markers for squamous and neuroendocrine differentiation was performed. Molecular testing for epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase (ALK) re-arrangement was done in all the cases. The testing for EGFR mutations was done by real time polymerase chain reaction (PCR) using the EGFR RGQ PCR kit (Qiagen technologies, Manchester UK) that detects 28 somatic mutations that span over exons 18 to 21. The standard PCR protocol for formalin fixed paraffin embedded (FFPE) tissue was used. ALK testing was done using the Ventana anti-ALK (D5F3) clone. The immunostaining was performed on the benchmark XT system using the Optiview DAB IHC detection kit and Optiview Amplification kit.
c-MET and ROS-1 protein expression
c-MET and ROS-1 expression was assessed using IHC was performed in 90 cases. The FFPE tissue blocks were sectioned at 3-4 µm, using a microtome (Leica, Germany), mounted on tissue bond-coated slides (Biocare, USA). The immunostaining was performed on the benchmark XT system using the Optiview DAB IHC detection kit and Optiview Amplification kit. The prediluted Ventana anti-total c-MET (SP 44) rabbit monoclonal primary antibody was used for cMET detection. For the detection of ROS-1, the D4D6 rabbit monoclonal antibody (Cell Signalling, Danvers, MA) at a dilution of 1:25. Positive (kidney) and negative (by omitting primary antibody) controls were run with all batches. The staining was performed as per the manufacturer's instructions.
Assessment of staining for c-MET and ROS-1 protein expression
Cytoplasmic and/or membranous staining was evaluated and semiquantitative assessment was done estimating the staining intensity and percentage of tumor cells that were positive. The following scores were given: Score 0-No staining, Score 1-Faint staining (+) in any % cells, Score 2: Moderate staining (++) in >50% cells, Score 3: Strong granular staining (+++) in >50% cells. The samples with a score of 0 and 1 were considered negative, while cases with a score of 2 and 3 were considered positive. [9] Histomorphological analysis Analysis was done in terms of the pattern of arrangement of the cells that included solid, micropapillary, acinar, lepidic, loose clusters, or dispersed cells along with the presence of mucin. The presence or absence of necrosis was assessed and the tumors were histologically graded into well, moderately, or poorly differentiated lesions.
Statistical analysis
The statistical analysis was done using the Statistical Package for the Social Sciences (SPSS) software version 16. The association between two categorical variables was assessed using the chi square test. A P value of <0.05 was considered as statistically significant.
RESULTS
The age range varied from 35 years to 72 years with a mean age of 57.75 years. The male to female ratio was 2.3:1. The site of the biopsy was from the respiratory tree (endobronchial, intrathoracic, lung, or pleural) in 87 (96.67%) cases, while biopsy was performed from the metastatic sites in three (3.33%) cases. The most common clinical finding in the cases was the presence of lung mass with or without the presence of pleural effusion. The basic panel of IHC was done to categorize the tumor included napsin, TTF-1, and p-40 [ Figure 1 ]. ALK protein expression was identified in 4.44% (n = 4/90) cases and EGFR mutations were identified in 45.56% (n = 41/90) cases. c-MET protein expression was detected in 30 cases (33.33%) [ Figure 2 ]. The M: F ratio was 1.75:1 with a mean age of 57.5 years. TTF-1 was positive in 16/30 cases (53.33%) which was statistically significant (P = 0.013) when compared with the c-MET negative group [ Table 1 ]. The histomorphological features of the c-MET positive (n = 26) and the c-MET negative (n = 53) was analyzed. The most common pattern in the cases that expressed c-MET was singly dispersed cells or loose cohesive clusters (73.07%), followed by the acinar and solid pattern (61.54%). In the c-MET positive group, 57.69% cases were moderately differentiated with a nuclear grade of 2 in 61.45%. In the c-MET negative group, 73.58% cases had singly dispersed cells or loose cluster followed by a solid pattern in 56.60% cases. Necrosis was present in 58.49% cases that were c-MET negative. However, none of these parameters were statistically significant. ROS-1 protein expression was detected in three cases (3.33%) [ Figure 3 ]. The M: F ratio was 1:2 with a mean age of 51.67 years. TTF-1 was positive in all the three cases which was statistically significant (P = 0.006) when compared with the ROS-1 negative cases. All the three cases were biopsies from the respiratory tree (lung, pleural, and endobronchial) which was statistically significant (P = 0.04) when compared with the ROS-1 negative group [ Table 1 ]. The histomorphology of ROS-1 positive (n = 3) was analyzed. In the three cases that had ROS-1 protein expression solid pattern, acinar pattern, and mucin was present in 2/3 cases (66.67%), followed by solid pattern in 57.89%, while necrosis was present in one case (33.33%). All the three ROS-1 positive cases were moderately differentiated.
Coexpression of ALK and c-MET was present in two cases in this study. Coexpression of c-MET with presence of EGFR mutation was identified in one case. There was one case that had EGFR mutation in association with ROS-1 re-arrangement. All the three cases that harbored ROS-1 re-arrangement had c-MET expression.
DISCUSSION
Activated MET receptor signaling leads to tumor angiogenesis, tumor cell invasion, and metastasis. MET targeting inhibitors have shown marked results in clinical trials leading to improved overall survival. [9] [10] [11] In this study c-MET expression was detected in 33.33% cases. In the study conducted by Casadevall et al. 47 .8% cases had c-MET protein expression, while Watermann et al. documented c-MET expression 21.5% cases using IHC in FFPE tissue. [9, 12] In the study conducted by Pyo et al., the authors stated the c-MET IHC positivity significantly correlated with poor overall survival. [10] In this study, TTF-1 expression in the group that had c-MET protein expression was statistically significant when compared with the c-MET negative group (P = 0.002). This may indicate that NSCLC with c-MET protein expression arise from terminal respiratory unit (TRU). [13] The histomorphological pattern analysis for c-MET protein expression indicates that there is no specific pattern or criteria that can be considered as surrogate features for c-MET protein expression. ROS 1 re-arrangements promote signal transduction programs leading top uninhibited cell survival and proliferation. Detection of ROS 1 re-arrangement using IHC has being strongly recommended with a sensitivity of 100% and a specificity of 92%. [4] [5] [6] [7] In this study ROS-1 protein expression was assessed using the D4D6 and was present in 3.33% cases. Wu et al. reported ROS-protein expression in 4.20% cases, Rimkunas et al. in 1.6% while Sholl et al. reported the frequency of 1.2%. [6, 7, 14] These re-arrangements are associated with younger age, never smoking history, Asian ethnicity, and advanced stage. In this study, all the three cases that had ROS-1 protein expression were adenocarcinomas in which the biopsies were performed from the respiratory tree (P = 0.01) and had TTF-1 expression (P = 0.05). The histomorphological analysis of the ROS-1 positive versus the ROS-1 negative yielded inconclusive results as the number of positive cases analyzed was low.
In NSCLC, 5% of driver alterations are concurrent double or triple mutations. In this study, an attempt has been made to identify coexpression of multiple predictive and prognostic markers. However, the number of cases with multiple marker expression is too few to derive valid conclusions. This is the first study from the Indian subcontinent to identify the frequency of ROS-1 re-arrangements and MET amplification in the Indian population. c-MET protein expression was identified in 33.33% cases with statistically significant TTF-1 positivity. ROS-1 protein expression was detected in 3.33% cases, in biopsies from the respiratory tree with TTF-1 expression. The availability of targeted therapy that has drastic impact on survival makes it essential to detect these less frequent mutations.
